The effects of testosterone
Androgen combined with FSH or by itself stimulated the production of progesterone (P) by cultured granulosa cells [undifferentiated granulosa cells from immature, hypophysectomized, estrogen-primed (H-E) rats (Armstrong and Dorrington, 1976; Nimrod and Lindner, 1976; Hillier et al., 1977) , and differentiated granulosa cells from the pig (Schomberg et al., 1976) ]. In contrast, an inhibitory effect of T on FSH-stimulated production of P by cultured porcine granulosa cells obtained from medium-size pre-pubertal follicles has been reported (Lishinsky et al., 1983) . The inhibitory effect of T was mimicked by androstenedione but not by either dihydrotestosterone or androsterone (Evans et al., 1984) . Using granulosa cells obtained from H-E rats the mechanism of the stimulatory effect of androgens on the production of progestin has been extensively examined, and several lines of evidence indicate the possibility that androgens stimulate the activities of enzymes involved in the biosynthesis of P (Nimrod, 1989; Welsh et al., 1972) .
Androgens are present in the follicular estrous cycle (McNatty et al., 1975 
Results
Effects of increasing concentrations of testosterone on the secretion of progesterone Isolated granulosa cells were pre-cultured for 24 hr without T or with various concentrations of T. The granulosa cells were then incubated with various additives for 30 min in a fresh medium without T. As shown in Fig. 1 , T stimulated both the basal and the FSH (100 ng/ml)-stimulated secretion of P in a dose-dependent manner. P levels after stimulation by 8Br-cAMP (1 mg/ml) without T were almost equivalent to those after stimulation by FSH with 100 nM T. Thus, the secretion of P stimulated by 8Br-cAMP (1 mg/ml) was not affected by increasing concentrations of T up to 1,uM, but was augmented by 10 pu,M T.
Effects of testosterone on the patterns of progesterone secretion from superfused granulosa cells
As shown in Fig. 2 , P was secreted from superfused granulosa cells in a biphasic manner with continuous presence of FSH (100 ng/ml).
The fluctuation in P concentrations without T was much smaller than that with T. Two sequential 10 min pulses of FSH (100 ng/ml) induced discrete secretions of P (Fig.  3) . A self-priming effect of FSH on the secretions of P was observed in the cultures with T, such that the second pulse of FSH induced a higher rate of secretion than the T, the self-priming effect of FSH on the secretion of P was not apparent. Presence of FCS for the expression of the effect by testosterone Isolated granulosa cells were cultured for 24 hr in the medium supplemented with or without FCS in combination with 100 nM T or without T. These pre-cultured granulosa cells were then incubated for 30 min in a fresh medium for P measurement.
As shown in Fig. 4 , the stimulatory effect of T on the basal secretion of P was observed only in the cultures grown in the medium that contained FCS (10% v/v). Androgen, both T and androsterone had no effect on either the basal or the FSH stimulated secretion of 20a-OH-P (Fig. 6b ). Granulosa cells pre-cultured without androgen, or with 100nM T or 100nM androsterone were given two sequential pulses of FSH (100ng/ml, each for 20 min) at an interval of 80 min. The incubation medium was exchanged every 20 min. The levels of P induced by the first or the second exposure to FSH are shown in Fig. 7 . The self- Fig.7 
Discussion
The stimulatory effects of androgen on the production of progesterone (P) in cultured granulosa cells, in particular those obtained from H-E rats, has been demonstrated: androgen acts either synergistically with FSH or by itself to stimulate production of P (Armstrong and Dorrington, 1976; Nimrod and Lindner, 1976; Lucky et al., 1977; Nimrod, 1981; . Welsh et al., 1982) . In the present study, using fully matured granulosa cells obtained from immature, PMSG-treated rats, the effects of androgen in the secretion of P were re-evaluated.
T stimulated the basal secretion of P in a dose-dependent manner (Fig. 1 ). This effect of T appears to depend factor(s) in the serum Fig.4) .
Stimulatory effects of androgen on the uptake of cholesterol (Nimrod, 1981) and utilization of lipoproteins (Schreiber et al., 1983 ) by granulosa cells have been reported. The serum factor required for the effect of T may be a lipoprotein that binds cholesterol which contribute to increasing the cholesterol pool in the granulosa cells.
The stimulatory effect of T on the secretion of P was more apparent in terms of chronological fluctuations in the secretion of P after FSH stimulation.
The biphasic pattern of secretion of P stimulated by continuous superfusion with FSH was much enlarged at its first phase (Fig. 2) . The self-priming effect of a pulsatile application of FSH on the secretion of P was observable only if the cells were cultured with T (Fig. 3) .
Although estrogen has a stimulatory effect on the secretion of P by differentiated porcine granulosa cells (Veldhuis et al., 1981 and 1982) , the stimulatory effect of T on the secretion of P by matured rat granulosa cells is not mediated by the formation of estrogen Vol. 37 1976; Nimrod, 1977b) . These results suggest that when immature granulosa cells are used, the effect of androgen on the secretion of P is expressed distally to the effect on the production of cAMP. It is suggested that T could stimulate P secretion from granulosa cells independently of cAMP production and irrespectively of cytodifferentiation of granulosa cells, and that an alternative pathway seemed to be acquired with the maturation of granulosa cells, where T as well as androsterone could act at a level proximal to the production of cAMP.
The present study demonstrated that T stimulates production of P by granulosa cells obtained from PMSG-treated rats. Androgens are present at very high concentrations in follicular fluid (Short, 1964; McNatty et al., 1975) , and are produced by the thecal and interstitial cells of the ovary (Louvet et al., 1975; Makris and Ryan, 1975) . Thecal cell may generate T not only as a substrate for the aromatase enzyme in granulosa cells but also an effector of the biosynthesis of P which in turn may serve as a substrate for production of androgen in thecal cells in large antral follicles. Such synergistic interactions between granulosa and thecal cells may be important in effecting the maximal production of estrogen by large antral follicles. 
